Benign paroxysmal positional vertigo (BPPV) is the most common cause of vertigo of peripheral origin. The lateral semicircular canal (LSCC) follows the posterior semicircular canal (PSCC) as the site of pathology in the majority of patients. Therapy, aiming at relocating particles causing aberrant LSCC stimulation has been applied by forced prolonged positioning, barbecue, and particle repositioning maneuvers. Results of the different techniques are variable. This systematic review/meta-analysis aimed to find out which therapy technique yields higher cure rates. MedLine database provided at National Library of Medicine was searched for randomized controlled trials comparing results of different therapeutic techniques for patients with LSCC BPPV. For studies included in qualitative analysis/synthesis, the following were collected independently by the author: number of participants, count of patients with geotropic and apogeotropic LSCC in each treatment group, and resolution of vertigo/nystagmus assessed by symptomatic improvement and negative supine roll test 1-24 hours following intervention considering the type of LSCC BPPV (geotropic/apogeotropic). Level Ia evidence (systematic review of RCTs) shows superiority of Gufoni maneuver over sham for both geotropic and apogeotropic LSCC BPPV. Comparisons between different therapeutic maneuvers for LSCC BPPV based on results of published RCTs could not be set.
Introduction
Benign paroxysmal positional vertigo (BPPV) is the commonest cause of peripheral vertigo [1] . Cupulolithiasis [2] and canalolithiasis [3] of the semicircular canals are the theories of the underlying mechanisms. The most commonly affected canal is the posterior (64-88%) [4, 5] . The lateral semicircular canal (LSCC) follows (21-31%) [6] [7] [8] .
LSCC BPPV presents with short-lived, repeating attacks of head spinning sensation on turning the head, or whole body, while lying down, nausea, and vomiting, usually with no hearing affliction or neurological manifestations. The supine roll test (SRT) [9] confirms the diagnosis, helps to determine method of treatment, and shows its success, or otherwise. The test is performed by briskly turning the head of the patient in the supine position, approximately 90 ∘ to each side. The examiner notes whether the resulting nystagmus beats towards or away from the ground (geotropic or apogeotropic, resp.) and to which side it is more intense, left or right.
In geotropic LSCC BPPV, where otoconia are in the nonampullary end, an ampullopetal stimulatory endolymph flow results on turning the involved side towards the ground [10] . In the rare apogeotropic LSCC BPPV, where otoconia are near the ampullary end or attached to the cupula (cupulolithiasis) an ampullofugal, inhibitory endolymph flow results on turning the involved side towards the ground [11] . An even rarer type resulting from presence of otoconia in both the ampullated and nonampullated parts of the LSCC causes a direction-fixed nystagmus on turning the patient's head to either side [12] .
Treatment methods depend on displacing otoconia out of the LSCC by allowing them to settle down by forced prolonged positioning (FPP) [13] or agitating them out by head and body manipulations (barbecue maneuver [14] , therapeutic head-shaking [13] , Gufoni maneuver [15] , and the modified Semont maneuver [16] ).
In FPP [13] , the patient is instructed to lie on the unaffected side for 12 hours.
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The barbecue maneuver [14] is performed starting with the patient in the supine position and nose up. The head is rapidly turned 90 ∘ towards the unaffected ear and position maintained until the resulting nystagmus abates (in 30-60 seconds). Then the patient takes a lateral decubitus position, with the unaffected ear down, to facilitate a further speedy 90
∘ head rotation to a nose-down head position, which is also maintained for 30-60 seconds. Next, the patient lies prone and a further 90 ∘ head rotation makes the affected ear down. This last position is also maintained for 30-60 seconds and then the patient sits at the side of the examination couch.
Therapeutic head-shaking [13] is performed by shaking the head sideways at a rate of about 3 times a second for 15 seconds, with the patient seated and the head pitched forward by 30 ∘ , to make the LSCC horizontal. The Gufoni maneuver (GM) [15] starts with the patient sitting at the side of the examination couch and then rapidly swaying the trunk to one side (the unaffected side in geotropic LSCC BPPV or the affected side in the apogeotropic type), so that the head rests at the side of the couch. This position is maintained for 1-2 minutes. This is followed by turning the head 45 ∘ , with nose down, in the geotropic type, or nose up, in the apogeotropic type, and this position is maintained for 2-3 minutes. The patient then returns to the sitting position.
A modification of GM by Testa and collaborators [17] consists of a pause, midway between the sitting position and the side-lying position for 15 seconds during the lateral trunk sway, followed by slow completion of the movement until the head rests at the side of the couch. Further manipulations are similar to GM.
The modified Semont (Casani's) maneuver [16] and GM have some similarities. The differences between the 2 procedures are whether the patient's side-lying position is maintained for 1-2 minutes prior to 45 ∘ head-turning, in GM [15, 16] , or not, in the modified Semont maneuver, and the direction of head-turning: upwards in GM and downwards in modified Semont maneuver, for apogeotropic LSCC BPPV.
Success of all the different maneuvers, except for therapeutic head-shaking, for treatment of LSCC BPPV depends on correct identification of the diseased side. The side of the faster nystagmus and more intense vertigo on SRT indicates the diseased LSCC in the geotropic type, while the side of the slower, less intense nystagmus is the afflicted one in apogeotropic type. However, for the unaided eye of the examiner, and without video-nystagmography (VNG), finding out the diseased side can sometimes be difficult. To overcome this issue the "bow and lean" test has been devised depending on the fact that the LSCC subtends an angle of approximately 30
∘ with the horizontal plane [18] . More recently, 180
∘ of head rotation during the SRT, instead of 90 ∘ , has been found to increase the slow-phase velocity of the resultant nystagmus and thus may help to correctly identify the diseased LSCC [19] .
Rationale. At least 6 different methods for treatment of LSCC BPPV are described in the literature [13] [14] [15] [16] [17] with cure rates varying from 74 to 94%. The aim of this review/meta-analysis is to compare instantaneous results of different methods of treatment of LSCC BPPV as assessed by patient symptoms and SRT, published in randomized controlled trials, in order to help clinicians choose among them guided by the best possible available evidence. However, the choice of the method of treatment is always governed by patient specific factors, as well as training and experience of the provider of therapy.
Methodology
Electronic search of MedLine database is available at the National Library of Medicine (NLM) (http://www.ncbi.nlm .nih.gov/pubmed/) on December, 25, 2013, using the following terms: (lateral canal benign paroxysmal positional vertigo) OR (horizontal canal benign paroxysmal positional vertigo) in all fields limiting the type of studies to randomized clinical trials. No limitations on the year or language of publication of the articles were applied in the search.
Updates on new publications containing both search terms were posted by e-mail to the author through an automatic service provided by the NLM. Additional publications were sought by reviewing the references of the articles yielded by the electronic search.
Abstracts of retrieved articles were screened for relevance. Full text of relevant articles was obtained for more detailed reviewing considering participants (patients with geotropic or apogeotropic LSCC BPPV), alternative interventions/comparisons (FPP, barbecue maneuver, GM, modified Semont's maneuver, modified GM, head-shaking, or sham), outcomes (symptomatic improvement and response to SRT, 1-24 hours following intervention), and study design (double or triple armed RCT).
Risk of bias at study level (method of randomization, allocation concealment) and at outcome level (appropriateness of evaluation and analysis of results of intervention) was assessed as adequate or otherwise prior to inclusion in the quantitative analysis by reviewing the methodology section for at least one step taken to minimize the bias at the steps of participant inclusion/exclusion criteria, intervention group assignment, and outcome evaluation.
A negative response to SRT was taken as an implication that relief of symptoms occurred. Follow-up periods across studies were variable; thus only outcomes at 1-24 hours following interventions were analyzed.
Data extraction including number of patients receiving alternative interventions, method of evaluation of response to interventions, and number of respondent patients with favorable outcome(s) for performing meta-analysis using Review Manager 5 software [25] 
Records screened (n = 11)
Records after duplicates removed (n = 11)
Additional records identified through other sources (n = 1)
Records identified through database searching (n = 10)
Results

Study Selection.
Ten articles [17, [20] [21] [22] [23] [26] [27] [28] [29] [30] were retrieved by the electronic search. An additional article [24] was given from back references of the articles by Kim and colleagues [21, 22] . Figure 1 shows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram through which identified articles were screened and assessed for eligibility and inclusion in quantitative analysis.
Excluded Articles with Reasons for Exclusion.
The article by Cambi and colleagues [26] discussed positional downbeating nystagmus which, if not due to central causes, indicates superior semicircular canal BPPV and thus was considered irrelevant. The incidence of BPPV following the use of mallet osteotomes versus screwable osteotomes for closed sinus floor elevation was compared in a RCT [27] . PSCC BPPV occurred in 3% of patients in which the mallet osteotomes were used. This article was also considered irrelevant.
The article [28] in which only 13 patients with multiple canal BPPV, posterior and lateral, have been analyzed was also ruled out.
The article [29] that discussed the diagnostic value of different positioning tests in diagnosis of BPPV concerned patients with PSCC and only one patient had dual canal affliction, posterior and lateral, and thus was excluded.
The last of the excluded RCTs [30] due to irrelevance was reporting results of 2 different techniques for treatment of PSCC BPPV, not LSCC BPPV.
Studies Considered for Meta-Analyses.
In the study by Casani and colleagues [20] for patients with geotropic LSCC BPPV, 33/54 patients in the group treated by barbecue maneuver and FPP and 50/58 patients treated by GM were symptom-free one day following the interventions (OR = 0.25, 95% confidence interval (CI) = 0.10-0.63). A second session made 38/54 patients treated by barbecue maneuver and FPP and 52/58 patients treated by GM symptom-free on the next day. One month following treatment, SRT was negative in 44/54 patients in the barbecue maneuver and FPP group compared to 54/58 patients in the GM group. At the study level, methods of intervention group size determination and patient allocation to one of the alternative interventions are not given. For the outcome, a possibility of bias exists since the authors do not state that the evaluation after intervention was performed by an examiner who was blinded to the intervention applied to the patients. Moreover, the results of this study [20] cannot be used to find out the differences in effectiveness of GM and the barbecue maneuver to treat geotropic LSCC BPPV since they are reported one day following the interventions, to allow for the 12 hours required for FPP; thus the effect of the barbecue maneuver on its own is not separable from that of the FPP.
Vertigo and nystagmus resolved in 28/53, 31/64, and 12/48 patients with geotropic LSCC BPPV receiving barbecue maneuver, GM, and sham, respectively (OR for barbecue maneuver versus sham = 3.36, 95% CI = 1.44-7.84, OR for GM versus sham = 2.82, 95% CI = 1.25-6.38, and OR for GM versus barbecue maneuver = 0.84, 95% CI = 0.40-1.74), as evaluated 30-60 minutes following treatment by another physician blinded to the therapeutic group in the RCT by Kim and colleagues [21] .
In the RCT for patients with apogeotropic LSCC BPPV [22] , 31/52, 25/53, and 11/49 patients had resolution of vertigo and nystagmus by one application of GM, head-shaking, and sham procedure, respectively (OR for GM versus sham = 5.10, 95% CI = 2.14-12.17, OR for head-shaking versus sham = 3.08, 95% CI = 1.30-7.30, and OR for GM versus headshaking = 1.65, 95% CI = 0.76-3.58). The second application for patients with failed response, 30-60 minutes following first application, raised the rates of resolution to 38/52, 33/53, and 17/49 patients by the same respective interventions. In the follow-up 4 weeks later, 51/52, 51/53, and 48/49 patients of each group had no vertigo or nystagmus.
In the two previously summarized studies [21, 22] , group size determination and patient allocation to one of the alternative interventions were detailed giving a low risk of bias at study level, as well as outcome level, due to blinding of the examiner performing evaluation after treatment to the patient's group of intervention. Seventy-two patients with both geotropic (53) and apogeotropic (19) LSCC BPPV were randomly assigned to GM or sham maneuver [23] . Only 3/35 patients in the sham maneuver group had no nystagmus 1 hour following the maneuver and only 4/35 1 day following the maneuver. In contrast, 28/37 patients in the GM group were free from nystagmus after 1 hour and 31/37 patients on the following day had no nystagmus. OR for results 1 day following intervention is 40.04 in favor of GM (95% CI = 10. Test for overall effect: Z = 3.07 (p = 0.002) at study and outcome levels is low considering sample size estimation, random allocation, and evaluation of resolution by at least 2 examiners blinded to the intervention given to the patients. Head-shaking cured apogeotropic LSCC BPPV, as evidenced by resolution of positional vertigo and nystagmus 30 minutes after the procedure in 17/51 patients in the first stage of a RCT by Oh and colleagues [24] and in 6/43 patients who were not cured by the modified Semont's maneuver, giving a total number of cures of 23/94 head-shaking maneuvers. In the same study, the modified Semont maneuver cured 7/52 patients in the first stage and 7/32 patients who were not cured by head-shaking, giving a total number of cures of 14/84 modified Semont's maneuver. OR for cure is 1.62 in favor of head-shaking (95% CI = 0.77-3.40). The risk of bias both at study and at outcome levels is high. No details are given to sample size determination, patient allocation was on alternate assignment basis, raising issues of periodicity, and no statement is given on whether the examiner evaluating the results of intervention was blinded or not.
A modification of GM was compared to GM in a RCT by Testa and colleagues [17] . Resolution of vertigo and nystagmus was more likely by the modified GM (40/44 in the modified GM group versus 31/43 in the GM group, 2 = 5.13, = 0.024, OR = 0.26, 95% CI= 0.08-0.88). No details on sample size determination and method of randomization are given, as well as blinding or otherwise of the examiner evaluating resolution, raising risk of bias at study and outcome levels.
Study characteristics of relevant articles reviewed for possibility of inclusion in the meta-analyses are summarized in terms of participants, interventions/comparisons, outcome(s), and study design (PICOS) in Table 1 .
The effectiveness of head-shaking for treatment of apogeotropic LSCC BPPV was compared to GM [22] and to modified Semont's maneuver [24] . Though there are similarities between GM and the modified Semont maneuver, a meta-analysis comparing head-shaking to either or both cannot be set due to the differences between the 2 maneuvers. Thus, comparisons between GM and other therapeutic interventions using data published in the retrieved RCTs are not feasible.
Further results regarding the effectiveness of GM in comparison to sham procedures for treatment of geotropic/apogeotropic LSCC BPPV are given by applying meta-analysis to 3 of the included RCTs [21] [22] [23] . Results from 2 arms of each of the triple armed RCTs [21, 22] were used along with results of the RCT by Mandalà and colleagues [23] . The proportions of geotropic and apogeotropic forms in the RCTs [21] [22] [23] 
Discussion
In comparison to 59 RCTs retrieved by the keyword "benign paroxysmal positional vertigo," "lateral canal benign paroxysmal positional vertigo," OR "horizontal canal benign paroxysmal positional vertigo" returned 10 RCTs by searching MedLine database, only 5 of which were found to be relevant to LSCC BPPV therapy. An increasing interest in LSCC BPPV is seen considering that 4 of the relevant RCTs [17, [21] [22] [23] were published over the past 2 years. This systematic review and meta-analysis is based on results of 6 RCTs [17, [20] [21] [22] [23] [24] , 5 of which were those retrieved by electronic searching of MedLine database and one [24] was through back references of 2 of the 5 RCTs [21, 22] .
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The steps of this systematic review and meta-analysis followed, as much as possible, the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [31] (See Appendix in Supplementary Material available online at http://dx.doi.org/10.1155/2015/465095). The main finding supported by level I evidence, metaanalysis of RCTs, is the higher effectiveness of GM for treatment of geotropic and apogeotropic LSCC BPPV in comparison to sham. The same conclusion, but limited to geotropic LSCC BPPV, was given by a previously published systematic review [32] . In this systematic review/meta-analysis, stratified analysis of the main outcome, resolution of vertigo and nystagmus, by both the type of interventions and the type of LSCC BPPV, geotropic or apogeotropic, allowed setting metaanalysis utilizing results of the 3 included RCTs [21] [22] [23] to include both types of LSCC BPPV, given that the outcome variable is shown to be significantly affected by the type of intervention, even after control for the type of LSCC BPPV as a confounder.
A significantly high level of heterogeneity among the 3 RCTs [21] [22] [23] included in the quantitative analysis is due to the lesser resolution rates in the studies by Kim and colleagues [21, 22] in comparison to that by Mandalà and collaborators [23] and the wide confidence interval of the OR estimate for the RCT by Mandalà et al. [23] , due to the small sample size of that study.
Therefore, up to date, the clinician's choice of the therapeutic intervention for LSCC BPPV for a particular patient will be based mainly not on evidence derived from RCTs but on specific patient attributes, like the body-built, presence or otherwise of cervical and/or lumbar spine disease, and whether or not the patient can remain for 12 hours in a lateral decubitus if FPP is resorted to, which can, at least in theory, raise the risk of rethrombosis in patients with history of deep vein thrombosis (DVT).
With the occasional difficulties of identifying the side and type of LSCC BPPV taken into consideration, future research, ideally well-designed RCTs, is required to help clinicians choose among the different therapeutic techniques especially between therapeutic head-shaking, which can be effective for LSCC BPPV irrespective of the type and side of affliction, and other canalith repositioning procedures.
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